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(54) Process for producing semiconductor integrated circuit device and semiconductor 
integrated circuit device 



(57) In a light oxidation technique for a CMOS LSI 
employing a poiymetal gate structure and a dual gate 
structure, both oxidation of a refractory metal film con- 
stituting a part of a gate electrode, and diffusion of boron 
contained in a p-type polycrystalline silicon film consti- 
tuting a part of the gate electrode can be prevented. A 
mixed gas containing a hydrogen gas and steam syn- 
thesized from an oxygen gas and a hydrogen gas is sup- 



plied to a major surface of a semiconductor wafer A1 . A 
heat treatment for improving a profile of a gate insulating 
film that has been cut by etching under an edge part of 
the gate electrode is conducted under a lowthermal load 
condition in which the refractory metal film is substan- 
tially not oxidized, and boron contained in a p-type poly- 
crystalline silicon film constituting a part of the gate elec- 
trode is not diffused to the semiconductor substrate 
through the gate oxide film. 
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Description 

Background of the Invention 

[0001] The present invention relates to a process for 
producing a semiconductor integrated circuit device, 
and particularly relates to a technique that is effective in 
production of a semiconductor integrated circuit device 
having an MOSFET (metal oxide semiconductor field ef- 
fect transistor) of a polymetal structure, in which a gate 
electrode is constituted with a laminated film of polycrys- 
taliine silicon containing boron (B) and a refractory met- 
al. 

[0002] Japanese Patent Laid-Open No. 1 321 36/1 984 
(hereinafter reierred to as "Kobayashi 1 ") discloses a 
technique in that after forming a gate electrode of a poly- 
metal structure containing a W film or an Mo film on an 
Si (silicon) substrate, light oxidation is conducted in a 
mixed atmosphere of steam and hydrogen to selectively 
oxidize only Si without oxidizing the W (Mo) film. This 
utilizes the characteristics in that the steam/hydrogen 
partial pressure ratio, at which the redox reaction is at 
equilibrium, is different between W (Mo) and Si, and the 
selective oxidation of Si is realized in such a manner 
that the partial pressure ratio is set in the range in that 
when W (Mo) is oxidized, it is immediately reduced with 
co-existing hydrogea but Si remains as being oxidized. 
The mixed atmosphere of steam and hydrogen is 
formed by a bubbling method, in which a hydrogen gas 
is supplied into pure water contained in a container, and 
the steam/hydrogen partial pressure ratio is controlled 
by changing the temperature of the pure water. 
[0003] Furthermore, other principal literatures relating 
to the selective oxidation by the group of the inventors 
of the above literature include Japanese Patent Laid- 
Open No. 89943/1986 (hereinafter referred to as "Koba- 
yashi 2") and Japanese Patent Laid-Open No. 
15023671 986 (hereinafter referred to as "Iwata"). 
[0004] Japanese Patent Laid-Open No. 94716/1995 
(hereinafter referred to as "Muraoka 1 ) discloses a tech- 
nique in that after forming a gate electrode of a polymet- 
al structure containing a metal nitride layer, such as TIN, 
and a metal layer, such as W, on an Si substrate via a 
gate oxide film, light oxidation is conducted in an atmos- 
phere of a reducing gas (hydrogen) and an oxidative gas 
(steam) diluted with nitrogen. According to the literature, 
it is to say that only Si can be selectively oxidized without 
oxidizing the metal layer, and oxidation of the metal ni- 
tride layer can also be prevented because the denitrifi- 
cation reaction from the metal nitride layer is prevented 
by diluting the steam/hydrogen mixed gas with nitrogen. 
[0005] In Series of Theses of 45th Symposium of 
Semiconductor Integrated Circuit Techniques, held on 
December 1 and 2 of 1992, pp. 128 to 133, (hereinafter 
referred to as Nakamura) there is disclosed a technique 
for forming an oxide film in a strong reducing atmos- 
phere containing steam synthesized by a stainless cat- 
alyst. 



Summary of the Invention 

[0006] In a CMOS LSI, the circuit of which is consti- 
tuted by a fine MOSFET having a gate length of 0.18 
5 u.m or less, it is considered that a gate working process 
using a low-resistance conductive material including a 
metal layer is employed to ensure a high speed opera- 
tion by reducing gate delay on operation with a low volt- 
age. 

io [0007] What is most likely to be the low resistance 
gate electrode material of this type is a polymetal ob- 
tained by laminating a refractory metal film on a poly- 
crystalline silicon film. Because the polymetal has a low 
sheet resistance of about 2 £2 per square, it can be used 

ib not only as the gate electrode material but also as an 
interconnecting material. As the refractory metal, W 
(tungsten), Mo (molybdenum) and Ti (titanium) are 
used, which exhibit good low resistance characteristics 
even in a low temperature process of S00°C or less and 

20 are of a high electromigration resistance. When these 
refractory metal films are laminated directly on the poly- 
crystalline silicon film, the adhesion strength between 
them may be decreased, and a silicide layer having a 
high resistance is formed at the interface between them 

25 on a high temperature heat treatment process. There- 
fore, the actual polymetal gate is constituted by a three- 
layer structure, in which a barrier layer comprising a 
metal nitride film, such as TiN (titanium nitride) and WN 
(tungsten nitride), is inserted between the polycrystal- 

30 line silicon film and the refractory metal film. 

[0008] The summary of the conventional gate working 
process is as follows. A semiconductor substrate is sub- 
jected to thermal oxidation to form a gate oxide film on 
the surface thereof. In general, the formation of the ther- 

35 mal oxide film is conducted in a dry oxygen atmosphere, 
but in the case of forming the gate oxide film, a wet ox- 
idation method is employed because the defect density 
of the film can be decreased. In the wet oxidation meth- 
od, a pyrogenic method is employed, in which hydrogen 

40 is burned in an oxygen atmosphere to form water, and 
water thus formed is supplied along with oxygen to the 
surface of a semiconductor wafer. 
[0009] However, in the pyrogenic method, because 
hydrogen discharged from a nozzle attached to a tip end 

45 of a hydrogen gas conduit made of quartz is ignited and 
burned, there is a possibility that particles are formed by 
melting the nozzle due to heat, to become a cause of 
contamination of the semiconductor wafer. Thus, a 
method for forming water by a catalyst method without 

50 burning has been proposed (Japanese Patent Laid- 
Open No. 152282/1993). 

[0010] After a gate electrode material is accumulated 
on the gate oxide film formed by the wet oxidation meth- 
od, the gate electrode material is patterned by dry etch- 
55 ing using a photoresist as a mask. Thereafter, the pho- 
toresist is removed by ashing, and the dry etching resi- 
due and the ashing residue remaining on the surface of 
the substrate are removed by using an etching solution 
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such as hydrofluoric acid. 

[0011] When the wet etching described above is con- 
ducted, the gate oxide film in the region other than the 
lower part of the gate electrode is removed, and at the 
same time, the gate oxide film at the edge of the side 
wall of the gate electrode is also isotropically etched to 
cause undercut. Therefore, a problem of lowering the 
resisting voltage of the gate electrode occurs as it 
stands. Thus, in order to improve the profile at the edge 
of the side wall of the gate electrode having been sub- 
jected to undercut, a process is conducted, in which the 
substrate is again subjected to thermal oxidation to form 
an oxide film on the surface (hereinafter referred to as 
a light oxidation process). 

[0012] However, because the refractory metal, such 
as Wand Mo, described above is extremely liable to be 
oxidized in a high temperature oxygen atmosphere, 
when the light oxidation process is applied to the gate 
electrode having the polymetal structure, the refractory 
metal is oxidized to increase the resistance, and a part 
thereof is peeled from the substrate. Therefore, in the 
gate working process using the polymetal, means for 
preventing oxidation of the refractory metal on conduct- 
ing the light oxidation process is necessary. 
[0013] In the process of forming the gate electrode 
having the polymetal structure, the light oxidation in a 
steam/hydrogen mixed gas having the prescribed par- 
tial pressure ratio is effective means for improving re- 
sisting voltage of the gate oxide film and preventing ox- 
idation of the metal film. 

[0014] However, in the conventional bubbling method 
having been proposed as a method for forming the 
steam/hydrogen mixed gas, because the steam/hydro- 
gen mixed gas is formed by supplying a hydrogen gas 
to pure water set aside in a container, there is a possi- 
bility that foreign matters contained in the pure water are 
transferred to an oxidation furnace along with the steam/ 
hydrogen mixed gas to contaminate a semiconductor 
wafer. 

[0015] Furthermore, in the bubbling method, because 
the steam/hydrogen partial pressure ratio is controlled 
by changing the temperature of the pure water, there 
are problems in that (1) the partial pressure is liable to 
fluctuate, and it is difficult to realize the optimum partial 
pressure ratio with high precision, and (2) the controlla- 
ble range of the steam concentration is as narrow as 
from several percents to several tens percents, and it is 
difficult to realize a steam concentration in a ppm order. 
[0016] The redox reaction of Si and a metal using a 
steam/hydrogen mixed gas is liable to proceed when the 
steam concentration is higher, as described later. There- 
fore, when Si is oxidized under a relatively high steam 
concentration, such as the steam/hydrogen mixed gas 
formed by the bubbling method, an oxide film is grown 
in an extremely short period of time due to the high ox- 
idation rate. However, in the fine MOSFET of a gate 
length of 0. 1 8 u,m or less, it is required that the gate ox- 
ide film is formed in an extremely thin thickness of 3.5 



nm or less to maintain the electric characteristics of the 
device. Therefore, it is difficult to uniformly form such an 
extremely thin gate oxidized film with good controllability 
by using the steam/hydrogen mixed gas formed by the 
5 bubbling method. Additionally, when the oxidation is 
conducted at a low temperature to decrease the growing 
rate of the oxide film, an oxide film having good quality 
cannot be obtained. 

[0017] Furthermore, in the CMOS LSI, the circuit of 
which is constituted by the fine MOSFET having a gate 
length of 0.18 urn or less, it is considered that the em- 
ployment of the so-called dual gate structure is advan- 
tageous, in which in order to suppress as possible the 
fluctuation of the threshold voltage (V th ) due to operation 
at a low voltage, the conductivity type of the polycrys- 
talline silicon film constituting the gate electrode of the 
n -channel MISFET is set at n-type, and the conductivity 
type of the polycrystalline silicon film constituting the 
gate electrode of the p-channel MISFET is set at p-type. 
Therefore, in the case where the gate electrode is con- 
stituted by the polymetal described above, the gate elec- 
trode of the n-channel MISFET has a structure in that a 
refractory metal film is laminated on an n-type polycrys- 
talline silicon film doped with an n-type impurity, such as 
phosphorous (P), and the gate electrode of the p-chan- 
nel MISFET has a structure in that a refractory metal 
film is laminated on an p-type polycrystalline silicon film 
doped with a p-type impurity, such as boron (B). 
[0018] However, because the diffusion coefficient of 
B (boron) as the p-type impurity is large, when the light 
oxidation process described above is applied to the 
CMOS having the dual gate structure, there arises a 
problem in that B (boron) contained in the p-type poly- 
crystalline silicon film constituting a part of the gate elec- 
trode of the p-channel MISFET diffuses into the sub- 
strate side through the extremely thin gate oxide film 
having a film thickness of 3.5 nm or less, to change the 
threshold voltage (V^) of the p-channel MISFET 
[0019] Therefore, in the CMOS LSI employing the 
polymetal gate structure and the dual gate structure, it 
is an important demand to develop a technique in that 
both the oxidation of the refractory metal and the diffu- 
sion of B (boron) into the substrate are suppressed on 
conducting the light oxidation process after the gate 
working. 

[0020] An object of the invention is to provide a light 
oxidation process technique in that in the CMOS LSI 
employing the polymetal gate structure and the dual 
gate structure, both the oxidation of the refractory metal 
film constituting a part of the gate electrode and diffusion 
of boron contained in the p-type polycrystalline silicon 
film constituting another part of the gate electrode can 
be suppressed. 

[0021] Another object of the invention is to provide a 
selective oxidation method applied to a semiconductor 
integrated circuit device having two parts, a silicon part 
of a single crystal silicon or polysilicon and a part mainly 
comprising a refractory metal (fire resistant metal). 



is 



20 



25 



30 



35 



40 



45 



50 



4 



5 



EP 0 964 437 A2 



[0022] Further object of the invention is to provide a 
light oxidation process technique in that in a semicon- 
ductor integrated circuit device having a gate containing 
a poly silicon layer doped with boron, both the oxidation 
of the refractory metal film and the diffusion of boron 
from the p-type polycrystalline silicon film constituting 
another part of the gate electrode through the gate oxide 
film can be suppressed. 

[0023] Still further object of the invention is to provide 
a selective oxidation process technique in that in a sem- 
iconductor integrated circuit device having a gate con- 
taining a polysilicon layer doped with boron, both the ox- 
idation of the refractory metal film and the diffusion of 
boron from the p-type polycrystalline silicon film consti- 
tuting another part of the gate electrode through the gate 
oxide film can be suppressed. 

[0024] The above-described and other objects and 
novel characteristics of the invention will be apparent 
from the description of the present specification and at- 
tached drawings. 

[0025] Among embodiments of the invention, repre- 
sentative ones will be described below. 
[0026] The process for producing a semiconductor in- 
tegrated circuit device according to the invention com- 
prises a step, in which a conductive film comprising a 
gate oxide film formed on a major surface of a semicon- 
ductor substrate laminated with a polycrystalline silicon 
film containing boron and a refractory metal film directly 
or through a barrier layer is formed, and a gate electrode 
of an MOSFET is formed by patterning the conductive 
film; and a heat treatment step, in which a mixed gas 
containing a hydrogen gas and steam synthesized from 
an oxygen gas and the hydrogen gas with a catalyst is 
supplied to the major surface or a vicinity thereof of the 
semiconductor substrate heated to a prescribed tem- 
perature, and a profile of the gate insulating film under 
an edge part of the gate electrode etched on patterning 
in the preceding step is improved by selectively oxidiz- 
ing the major surface of the semiconductor substrate, in 
which the heat treatment is conducted under a low ther- 
mal load condition in that the refractory metal film is sub- 
stantially not oxidized, and boron contained in the poly- 
crystalline silicon film constituting a part of the gate elec- 
trode is not diffused to the semiconductor substrate 
through the gate oxide film. 

[0027] The substance of aspects of the invention oth- 
er than described above will be given below in itemized 
form. 

1 . A process for producing a semiconductor inte- 
grated circuit device comprising the steps of: 

(a) forming a polycrystalline silicon film doped 
with boron overa gate insulating film containing 
a silicon oxide film formed over a silicon surface 
of a major surface of a semiconductor waler (in 
the invention, an embodiment, in which after 
adhering a non-doped polycrystalline silicon 



film, boron is doped by ion implantation, is in- 
cluded. That is, the order of the doping of boron 
is not limited. An embodiment, in which adher- 
ing of the polycrystalline silicon film and doping 

5 of boron are simultaneously conducted, is also 

included, and hereinafter the same); 
(b) forming a refractory metal film mainly com- 
prising tungsten over the polycrystalline silicon 
film directly or via a barrier layer; 

10 (c) forming a gate electrode by patterning the 

polycrystalline silicon film and the refractory 
metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film posi- 
ts tioned in a part corresponding to an edge part 
of the gate electrode to a thermal oxidation 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam. 

20 2. A process for producing a semiconductor inte- 
grated circuit device as in the item 1, wherein the 
barrier layer contains a tungsten nitride film. 

3. A process for producing a semiconductor inte- 
grated circuit device as in the item 2, wherein the 

25 thermal oxidation treatment in the step (d) is con- 
ducted in a condition in that the refractory metal film 
and the barrier layer are substantially not oxidized. 

4. A process for producing a semiconductor inte- 
grated circuit device as in the item 1, wherein the 

30 gate insulating film contains a silicon oxinitride film. 

5. A process for producing a semiconductor inte- 
grated circuit device comprising the steps of: 

(a) forming a polycrystalline silicon film doped 
36 with boron over a gate insulating film containing 

a silicon oxide film formed over a silicon surface 
of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film over the poly- 
crystalline silicon film directly or via a barrier 

40 layer; 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film and the refractory 
metal film; and 

(d) after the step (c), subjecting the silicon sur- 
45 face and the polycrystalline silicon film posi- 
tioned in a part corresponding to an edge part 
of the gate electrode to a thermal oxidation 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam. 

so 

6. A process for producing a semiconductor inte- 
grated circuit device as in the item 5, wherein the 
barrier layer is inserted between the polycrystalline 
silicon film and the refractory metal film. 

55 7. A process for producing a semiconductor inte- 
grated circuit device as in the item 6, wherein the 
thermal oxidation treatment in the step (d) is con- 
ducted in a condition in that the refractory metal film 
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and the barrier layer are substantially not oxidized. 

8. A process for producing a semiconductor inte- 
grated circuit device comprising the steps of: 

(a) forming a first conductive film mainly com- 5 
prising a polycrystalline silicon film doped with 
boron over a silicon surface of a major surface 

of a semiconductor wafer; 

(b) forming a refractory metai film over the first 
conductive film directly or via a barrier layer; 10 

(c) forming a gate electrode by patterning the 
first conductive film and the refractory metal 
film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film posi- is 
tioned in a part corresponding to an edge part 

of the gate electrode to a thermal oxidation 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam synthesized 
from an oxygen gas and a hydrogen gas. 20 

9. A process for producing a semiconductor inte- 
grated circuit device as in the item 8, wherein the 
thermal oxidation treatment in the step (d) is con- 
ducted in a dondition in that the refractory metal film 25 
is substantially not oxidized. 

10. A process for producing a semiconductor inte- 
grated circuit device having a dual gate CMOS com- 
prising the steps of: 

30 

(a) forming a polycrystalline silicon film doped 
with boron overa gate insulating film containing 
a silicon oxide film formed over a silicon surface 
of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 35 
prising tungsten over the polycrystalline silicon 
film via a barrier layer containing tungsten ni- 
tride; 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film, the barrier layer and 40 
the refractory metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film posi- 
tioned in a part corresponding to an edge part 

of the gate electrode to a thermal oxidation 45 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam. 

11 . A process for producing a semiconductor inte- 
grated circuit device having a dual gate CMOS com- so 
prising the steps of: 

(a) forming a polycrystalline silicon film doped 
with boron overa gate insulating film containing 

a silicon oxide film formed over a silicon surface ss 
of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over the polycrystalline silicon 



film via a barrier layer containing tungsten ni- 
tride; 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film, the barrier layer and 
the refractory metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film to a ther- 
mal oxidation treatment in a mixed gas atmos- 
phere having an oxidative property and a re- 
ducing property to silicon and polycrystalline 
silicon so as substantially not to oxidize the re- 
fractory metal film. 

12. A process for producing a semiconductor inte- 
grated circuit device having a dual gate CMOS com- 
prising the steps of: 

(a) forming a polycrystalline silicon film doped 
with boron over a gate insulating film containing 
a silicon oxide film formed overa silicon surface 
of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over the polycrystalline silicon 
film directly or via a barrier layer; 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film and the refractory 
metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film to a ther- 
mal oxidation treatment in a mixed gas atmos- 
phere having an oxidative property and a re- 
ducing property to silicon and polycrystalline 
silicon so as substantially not to oxidize the re- 
fractory metal film. 

1 3. A process for producing a semiconductor inte- 
grated circuit device having a dual gate CMOS com- 
prising the steps of: 

(a) forming a polycrystalline silicon film doped 
with boron over a gate insulating film containing 
a silicon oxide film formed overa silicon surface 
of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over the polycrystalline silicon 
film via a barrier layer containing tungsten ni- 
tride; 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film, the barrier layer and 
the refractory metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film posi- 
tioned in a part corresponding to an edge part 
of the gate electrode to a thermal oxidation 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam so as substan- 
tially not to oxidize the refractory metal film, 
whereby compensating the silicon film under 
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the edge part of the gate electrode that has 
been etched on patterning in the step (c). 

14. A process lor producing a semiconductor inte- 
grated circuit device having a dual gate CMOS com- s 
prising the steps of: 

(a) forming a polycrystalline silicon film doped 
with boron over a gate insulating film containing 

a silicon oxide film formed over a silicon surface to 
of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over the polycrystalline silicon 
film via a barrier layer containing tungsten ni- 
tride; is 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film, the barrier layer and 
the refractory metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film posi- 20 
tioned in a part corresponding to an edge part 

of the gate electrode to a thermal oxidation 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam synthesized 
from an oxygen gas and a hydrogen gas so as 25 
substantially not to oxidize the refractory metal 
film, whereby compensating the silicon film un- 
der the edge part of the gate electrode that has 
been etched on patterning in the step (c). 

30 

15. A process for producing a semiconductor inte- 
grated circuit device comprising the steps of: 

(a) forming a polycrystalline silicon film doped 
with boron over a gate insulating film containing 3S 
a silicon oxide film formed over a silicon surface 

of a major surface of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over the polycrystalline silicon 
film directly or via a barrier layer; 40 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film and the refractory 
metal film; and 

(d) after the step (c), subjecting the silicon sur- 
face and the polycrystalline silicon film posi- 45 
tioned in a part corresponding to an edge part 

of the gate electrode to a thermal oxidation 
treatment in a mixed gas atmosphere contain- 
ing a hydrogen gas and steam synthesized 
from an oxygen gas and a hydrogen gas. 50 

1 6. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a silicon oxide film formed over a silicon sur- 
face of a first major surface of a semiconductor in- 55 
tegrated circuit wafer, having thereover a polycrys- 
talline silicon film doped with boron and a refractory 
metal film laminated over the polycyrstalline silicon 



film directly or via a barrier layer, wherein the gate 
insulating film is formed beyond an edge part of the 
polycrystalline silicon film constituting a part of the 
gate electrode. 

17. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a thermal oxide film over a silicon surface of 
a first major surface of a semiconductor integrated 
circuit wafer, having thereover a polycrystalline sil- 
icon film doped with boron and a refractory metal 
film laminated over the polycrystalline silicon film di- 
rectly or via a barrier layer, wherein in the gate in- 
sulating film, the thickness of the thermal oxide film 
formed under an edge part of the gate electrode is 
larger than the thickness of the thermal oxide film 
formed under a central part of the gate electrode. 

18. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a silicon oxide film formed over a silicon sur- 
face of a first major surface of a semiconductor in- 
tegrated circuit wafer, having thereover a polycrys- 
talline silicon film doped with boron and a refractory 
metal film laminated over the polycrystalline silicon 
film directly or via a barrier layer, wherein the silicon 
oxide film formed under an edge part of the gate 
electrode has such a round shape that prevents 
concentration of an electric field. 

1 9. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a silicon oxide film formed over a silicon sur- 
face of a first major surface of a semiconductor in- 
tegrated circuit wafer, having thereover a polycrys- 
talline silicon film doped with boron and a refractory 
metal film laminated over the polycrystalline silicon 
film directly or via a barrier layer, wherein an edge 
part and a lower surface of the polycrystalline silicon 
film constituting a part of the gate electrode are cov- 
ered with the thermal oxide film. 

20. A semiconductor integrated circuit device as in 
the item 19, wherein the gate insulating film con- 
tains a silicon oxinitride film. 

21 . A process for producing a semiconductor inte- 
grated circuit device comprising the steps of: after 
forming, over a gate oxide film formed over a major 
surface of a semiconductor substrate, a conductive 
film comprising a polycrystalline silicon film doped 
with boron laminated with a high melting point film 
directly or via a barrier layer, forming a gate elec- 
trode of an MOSFET by patterning the conductive 
film; and conducting a heat treatment process by 
supplying a mixed gas containing a hydrogen gas 
and steam synthesized from an oxygen gas and a 
hydrogen gas with a catalyst to the major surface 
of the semiconductor substrate or a vicinity thereof, 
to selectively oxidize the major surface of the sem- 
iconductor substrate, whereby improving a profile 
of the gate oxide film under an edge part of the gate 
electrode that has been etched on the patterning, 
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wherein said heal trealment is conducted under a 
condition in that the refractory metal film is substan- 
tially not oxidized, and boron contained in the poly- 
crystalline silicon film constituting a part of the gate 
electrode is not diffused to the semiconductor sub- & 
strate through the gate oxide film. 

22. A process for producing a semiconductor inte- 
grated circuit device as in the item 21, wherein the 
refractory metal film comprises tungsten, and the 
barrier layer comprises tungsten nitride. 10 

23. A process for producing a semiconductor inte- 
grated circuit device as in the item 21, wherein the 
gate oxide film under a central part of the gate elec- 
trode has a thickness of 3.5 nm or less. 

24. A process for producing a semiconductor inte- is 
grated circuit device as in the item 21 , wherein the 
gate electrode has a gate length of 0. 1 8 pm or less. 

25. A process 1or producing a semiconductor inte- 
grated circuit device as in the item 22, wherein the 
heat treatment is conducted at a temperature of 20 
from 650 to 900°C. 

26. A process for producing a semiconductor inte- 
grated circuit device as in the item 22, wherein the 
heat treatment is conducted at a temperature of 
from 750 to 900°C. 25 

27. A process for producing a semiconductor inte- 
grated circuit device as in the item 22, wherein the 
heat treatment is conducted at a temperature of 
about 850°C. 

28. A process for producing a semiconductor inte- so 
grated circuit device as in the item 26, wherein the 
mixed gas has a moisture concentration of from 1 

to 50%. 

29. A process for producing a semiconductor inte- 
grated circuit device as in the item 27, wherein the 35 
mixed gas has a moisture concentration of about 
50%. 

30. A process for producing a semiconductor inte- 
grated circuit device as in the item 22, wherein the 
mixed gas has a reduced pressure of 700 Torr or 4<> 
less. 

31 . A process for producing a semiconductor inte- 
grated circuit device as in the item 22, wherein the 
mixed gas has a normal pressure of from 700 to 800 
Torr. 46 

32. A process for producing a semiconductor inte- 
grated circuit device as in the item 22, wherein the 
mixed gas has a positive pressure of 800 Torr or 
more. 

33. A process for producing a semiconductor inte- so 
grated circuit device comprising the steps of: 

(a) after forming a gate oxide film over a major 
surface of a semiconductor substrate, forming 

a polycrystalline silicon film over the gate oxide 55 
film; 

(b) forming a p-type polycrystalline silicon film 
by doping the polycrystalline silicon film in afirst 



region of the semiconductor substrate with a p- 
type impurity containing boron, and forming an 
n-type polycrystalline silicon film by doping the 
polycrystalline silicon film in a second region of 
the semiconductor substrate with an n-type im- 
purity; 

(c) forming a refractory metal film over each of 
the p-type polycrystalline silicon film and the n- 
type polycrystalline silicon film directly or via a 
barrier layer; 

(d) by patterning the p-type polycrystalline sili- 
con film, the n-type polycrystalline silicon film 
and the refractory metal film formed thereon, 
forming a first gate electrode of a p-channel 
MOSFET constituted by the p-type polycrystal- 
line silicon film and the refractory metal film in 
the first region of the semiconductor substrate, 
and forming a second gate electrode of an n- 
channel MOSFET constituted by the n-type 
polycrystalline silicon film and the refractory 
metal film in the second region of the semicon- 
ductor substrate; and 

(e) conducting a heat treatment process by 
supplying a mixed gas containing a hydrogen 
gas and steam synthesized from an oxygen gas 
and a hydrogen gas with a catalyst to the major 
surface of the semiconductor substrate or a vi- 
cinity thereof, to selectively oxidize the major 
surface of the semiconductor substrate in a 
condition in that the refractory metal film con- 
stituting a part of each of the first gate electrode 
and the second gate electrode is substantially 
not oxidized, and boron contained in the p-type 
polycrystalline silicon film constituting another 
part of the first gate electrode is not diffused into 
the semiconductor substrate through the gate 
oxide film, whereby improving a profile of the 
gate oxide film under edge parts of each of the 
first gate electrode and the second gate elec- 
trode that has been etched on the patterning. 

34. A process for producing a semiconductor inte- 
grated circuit device as in the item 33, wherein the 
refractory metal film comprises tungsten, and the 
barrier layer comprises tungsten nitride. 

35. A process for producing a semiconductor inte- 
grated circuit device as in the item 33, wherein the 
gate oxide film under central parts of each of the 
first gate electrode and the second gate electrode 
has a thickness of 3.5 nm or less. 

36. A process for producing a semiconductor inte- 
grated circuit device as in the item 33, wherein each 
of the first gate electrode and the second gate elec- 
trode has a gate length of 0.18 u,m or less. 

[0028] Furthermore, the substance of other aspects 
of the invention will be described in the following further 
itemized form. 
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21 . A process for producing an integrated circuit de- 
vice comprising the steps of: 

(a) forming a first region mainly comprising sil- 
icon doped with boron over a first insulating film 
over a first major surface of a semiconductor 
wafer; and 

(b) conducting a thermal oxidation treatment to 
the first region in a mixed gas atmosphere con- 
taining a hydrogen gas and steam in a condition 
in that a refractory metal region on the first ma- 
jor surface is substantially not oxidized. 

22. A process for producing an integrated circuit de- 
vice as in the item 21, wherein the refractory metal 
region is formed over the first region. 

23. A process for producing an integrated circuit de- 
vice as in the item 22, wherein the mixed gas at- 
mosphere contains a nitrogen gas. 

24. A process for producing an integrated circuit de- 
vice as in the item 23, wherein the doping of boron 
is conducted by implantation of an ion into the first 
region. 

25. A process for producing a semiconductor inte- 
grated circuit device having a dual gate CMOS com- 
prising the steps of: 

(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film over the poly- 
crystalline silicon film via a barrier layer; 

(c) forming a gate electrode by patterning the 
polycrystalline silicon film, the barrier layer and 
the refractory metal film; and 

(d) after the step (c), subjecting the polycrystal- 
line silicon film to a thermal oxidation treatment 
in a mixed gas atmosphere containing a hydro- 
gen gas and steam and having a moisture con- 
centration in a range of from 5% to such a max- 
imum concentration that the refractory metal 
film is substantially not oxidized. 

26. A process for producing a semiconductor inte- 
grated circuit device having a dual gate CMOS as 
in the item 25, wherein the moisture concentration 
of the mixed gas atmosphere is from 8 to 25% (from 
8.7% to 33% in the partial pressure representation). 

Brief Description of the Drawings 

[0029] Fig. 1 is a partial cross sectional view of a sem- 
iconductor substrate showing a process for producing a 
CMOS LSI as an embodiment of the invention. 
[0030] Fig. 2 is a partial cross sectional view of a sem- 
iconductor substrate showing a process for producing a 
CMOS LSI as an embodiment of the invention. 



[0031] Fig. 3 is a partial cross sectional view of a sem- 
iconductor substrate showing a process for producing a 
CMOS LSI as an embodiment of the invention. 
[0032] Fig. 4 is a partial cross sectional view of a sem- 

5 iconductor substrate showing a process for producing a 
CMOS LSI as an embodiment of the invention. 
[0033] Fig. 5 is a partial cross sectional view of a sem- 
iconductor substrate showing a process for producing a 
CMOS LSI as an embodiment of the invention. 

10 [0034] Fig. 6 is a partial cross sectional view of a sem- 
iconductor substrate showing a process for producing a 
CMOS LSI as an embodiment of the invention. 
[0035] Fig. 7 is a partial cross sectional view of a sem- 
iconductor substrate showing a process for producing a 

is CMOS LSI as an embodiment of the invention. 

[0036] Fig. 8 is a partial enlarged cross sectional view 
of a semiconductor substrate showing a process for pro- 
ducing a CMOS LSI as an embodiment of the invention. 
[0037] Fig. 9 A is a schematic plan view showing a sin- 

20 g|e wafer processing oxidation furnace used for the light 
oxidation process, and Fig. 9B is a cross sectional view 
taken on line B-B' in Fig. 9A. 

[0038] Fig. 1 0A is a schematic plan view showing a 
single wafer processing oxidation furnace used for the 

25 light oxidation process, and Fig. 10B is across sectional 
view taken on line B-B' in Fig. 10A. 
[0039] Fig. 1 1 is a schematic diagram showing a de- 
vice for generating a steam/hydrogen mixed gas of a 
catalyst type used in one embodiment of the invention. 

30 [0040] Fig. 1 2 is a diagram showing a conduit system 
of the device for generating a steam/hydrogen mixed 
gas shown in Fig. 11. 

[0041] Fig. 1 3 is a graph showing the dependency of 
the equilibrium vapor pressure ratio of the redox reac- 
36 tion using the steam/hydrogen mixed gas on the tem- 
perature. 

[0042] Fig. 1 4 is a graph showing the relationship be- 
tween the oxidation processing time using the steam/ 
hydrogen mixed gas and the film thickness of the silicon 
40 oxide. 

[0043] Fig. 15 is a graph showing the relationship be- 
tween the oxidation temperature and the oxidation time. 
[0044] Fig. 16 is a graph showing the relationship be- 
tween the oxidation temperature and the oxidation time. 

46 [0045] Fig. 17 is a graph showing the relationship be- 
tween the temperature on subjecting the gate electrode 
to the heat treatment and V FB . 
[0046] Fig. 18 is a diagram showing the sequence of 
the light oxidation process using the single wafer 

60 processing oxidation furnace. 

[0047] Figs 19A and 19B are partial enlarged cross 
sectional views showing the state of the gate oxide film 
after the light oxidation process. 
[0048] Fig. 20 is a partial cross sectional view of a 

65 semiconductor substrate showing a process for produc- 
ing a CMOS LSI as an embodiment of the invention. 
[0049] Fig. 21 is a partial cross sectional view of a 
semiconductor substrate showing a process for produc- 
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ing a CMOS LSI as an embodiment of the invention. 
[0050] Fig. 22 is a partial cross sectional view of a 
semiconductor substrate showing a process for produc- 
ing a CMOS LSI as an embodiment of the invention. 
[0051] Fig. 23 is a partial cross sectional view of a 
semiconductor substrate showing a process for produc- 
ing a CMOS LSI as an embodiment of the invention. 
[0052] Fig. 24 is a schematic cross sectional view 
showing a batch processing vertical oxidation lurnace 
used for the light oxidation process. 
[0053] Fig. 25 is a diagram showing the sequence of 
the light oxidation process using the batch processing 
vertical oxidation furnace. 

Detailed Description of the invention 

[0054] Embodiments of the invention will be de- 
scribed in detail with reference to the drawings below. 
In ail the figures describing the embodiment, the same 
symbol is attached to the members having the same 
function, and repeated explanation is omitted. In the fol- 
lowing embodiments, explanation of the same or similar 
part is not repeated unless it is particularly necessary. 
[0055] Furthermore, while when it is necessary on 
convenience, the following embodiments are described 
as divided into plural sections or embodiments, unless 
otherwise clearly indicated, they are not unrelated to 
each other, but one is in a relationship of a modification 
example, a detail or an additional description of a part 
or the whole of the other. In the following embodiment, 
in the case where a number of an element (including 
numbers, values, amounts and ranges) is referred, it is 
not limited to the particular value, but it may be more 
than or less than the particular value, except the case 
where it is clearly indicated or it is theoretically clear that 
it is limited the particular value. Furthermore, in the fol- 
lowing embodiments, it is not needed to say that a con- 
stitutional element (including an elemental step) is not 
always necessary except the case where it is clearly in- 
dicated or it is theoretically clear that it is necessary. 
[0056] Similarly, in the following embodiments, in the 
case where a shape or a positional relationship of a con- 
stitutional element is referred, it substantially includes 
those close or resemble to it except the case where it is 
clearly indicated or it is theoretically clear that it is not 
included. 

[0057] The semiconductor integrated circuit device 
referred in the invention includes not only those pro- 
duced on a silicon wafer but also those produced on the 
other substrates, such as a TFT liquid crystal, except 
the case where it is clearly indicated that those are not 
included. 

[0058] Furthermore, it is also not needed to say that 
the semiconductor wafer referred in the invention in- 
cludes not only a single crystal semiconductor, such as 
a silicon single crystal wafer, or those obtained by form- 
ing conductive or semiconductor films directly on or via 
an insulating film to be a multi-layer structure, but also 



those obtained by forming a semiconductor part, a con- 
ductive film part and an insulating film part on a wafer 
of an insulating material. 

[0059] In this embodiment, the invention is applied to 
5 the process for producing a CMOS LSI. the integrated 
circuit of which is constituted by an n-channel MISFET 
and a p-channei MISFET On producing the CMOS LSI, 
as shown in Fig. 1 , a semiconductor substrate 1 com- 
prising single crystal silicon having a specific resistance 
10 of about 10 Qcm is subjected to a heat treatment at 
about B50°C to form a thin silicon oxide film 2 (pad oxide 
film) having a film thickness of about 1 0 nm on the major 
surface thereof, and a silicon nitride film 3 having a film 
thickness of about 120 nm is accumulated on the silicon 
oxide film 2 by a CVD (chemical vapor deposition) meth- 
od, followed by removing the silicon nitride film 3 and 
the silicon oxide film 2 in an element isolation region by 
etching using a photoresist film as a mask. The silicon 
oxide film 2 is formed to relax the stress applied to the 
substrate on dens ify ing a silicon oxide film embedded 
inside the element isolation groove in the later step. 
Since the silicon nitride film 3 has characteristics that it 
is difficult to be oxidized, it is utilized as a mask for pre- 
venting oxidation of the substrate surface thereunder 
(active region). 

[0060] Thereafter, as shown in Fig. 2, a groove 4a 
having a depth of about 350 nm is formed on the semi- 
conductor substrate 1 in the element isolation region by 
dry etching using the silicon nitride film 3 as a mask, and 
in order to a damaged layer formed on an inner wall of 
the groove 4a on the etching, the semiconductor sub- 
strate 1 is subjected to a heat treatment at about 
1,000°C to form a thin silicon oxide film 5 having a film 
thickness of about 1 0 nm on the inner wall of the groove 
4a. 

[0061] Thereafter, as shown in Fig. 3, a silicon oxide 
film 6 having a film thickness of about 380 nm is accu- 
mulated on the semiconductor substrate 1 , and in order 
to improve the film quality of the silicon oxide film 6, the 
semiconductor substrate 1 is subjected to a heat treat- 
ment to densify the silicon oxide film 6. Then, the silicon 
oxide film 6 is polished by a chemical mechanical pol- 
ishing (CMP) method by using the silicon nitride film 3 
as a stopper to leave it inside the groove 4a, so as to 
form an element isolation having a flattened surface 4. 
When the mechanical flattening of a major surface (sur- 
face on which an element is formed) of a wafer (sub- 
strate) is referred in the invention, it is not limited to the 
CMP using suspended abrasive grains but includes the 
similar flattening using fixed abrasive grains and an in- 
termediate form. 

[0062] Then, after the silicon nitride film 3 remaining 
in the active region of the semiconductor substrate 1 is 
removed by wet etching using hot phosphoric acid, a p- 
type well 7 is formed by ion implantation of B (boron) 
into the region of the semiconductor substrate 1, at 
which an n-channel MISFET is formed, and an n-type 
well 8 is formed by ion implantation of P (phosphorous) 
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into the region, at which a p-channei MISFET is formed, 
as shown in Fig. 4. 

[0063] Thereafter, ion implantation of B (boron) for ad- 
justing the threshold voltage (V th ) of the n-channel MIS- 
FET is conducted into the p-type well 7, and ion implan- 
tation of P (phosphorous) for adjusting the threshold 
voltage (V^) of the p-channel MISFET is conducted into 
the n-type well 8. 

[0064] Then, as shown in Fig. 5, the silicon oxide film 
2 on each of the p-type well 7 and the n-type well 8 is 
removed by using an HF (hydrofluoric acid) series 
cleaning solution, and the semiconductor substrate 1 is 
subjected to wet oxidation to form a clean gate oxide 
film 9 having a film thickness about 3.5 nm on the sur- 
face of each of the p-type well 7 and the n-type well 8. 
[0065] While it is not particularly limited, after forming 
the gate oxide film 9, an oxinitrification treatment to seg- 
regate nitrogen at the interface between the gate oxide 
film 9 and the semiconductor substrate 1 may be con- 
ducted by subjecting the semiconductor substrate 1 to 
a heat treatment in an NO (nitrogen oxide) or N 2 0 (ni- 
trous oxide) atmosphere. When the gate oxide film 9 is 
thinned to about 3.5 nm, the stress formed at the inter- 
face therebetween due to the difference in heat expan- 
sion coefficient from the semiconductor substrate 1 be- 
comes tangible to induce generation of a hot carrier. Ni- 
trogen segregated at the interface to the semiconductor 
substrate 1 relaxes the stress, and thus the oxinitrifica- 
tion treatment improves the reliability of the extremely 
thin gate oxide film 9. 

[0066] Then, as shown in Fig. 6, after a non-doped 
polycrystalline silicon film having a film thickness about 
from 90 to 1 00 nm is accumulated on the semiconductor 
substrate 1 by a CVD method, ion implantation of P 
(phosphorous) is conducted into the non-doped poly- 
crystalline silicon film in the region, at which an n-chan- 
nel MISFET is formed (p-type well 7), to form an n-type 
polycrystalline silicon film 10n, and ion implantation of 
B (boron) is conducted into the non-doped polycrystal- 
line silicon film in the region, at which an p-channel MIS- 
FET is formed (n-type well 8), to form an p-type poly- 
crystalline silicon film 10p. 

[0067] Then, as shown in Fig. 7, a WN film 11 having 
a film thickness of about 5 nm and a W film 1 2 having a 
film thickness of about 50 nm are accumulated on the 
n-type polycrystalline silicon film 10n and the p-type 
polycrystalline silicon film 1 0p by a sputtering method, 
and after a silicon nitride film 1 3 having a film thickness 
of about 200 nm is formed on the W film 12, these films 
are subjected to dry etching by using a photoresist film 
14 formed on the silicon nitride film 1 3 as a mask. Ac- 
cordingly, a gate electrode 15n of an n-channel MISFET 
comprising the n-type polycrystalline silicon film 1 0n, the 
WN film 1 1 and the W film 1 2 is formed on the gate oxide 
film 9 of the p-type well 7, and a gate electrode 15p of 
a p-channel MISFET comprising the p-type polycrystal- 
line silicon film 1 0p, the WN film 1 1 and the W film 1 2 is 
formed on the gate oxide film 9 of the n-type well 8. The 



gate length of each of the gate electrode 15n and the 
gate electrode 15p is, for example : 0.18 nm. 
[0068] As described above, by using the polymetal 
structure, in which a part of each of the gate electrode 

s I5n of the n-channel MISFET and the gate electrode 
1 5p of the p-channel MISFET is constituted by a low re- 
sistance metal (W), the sheet resistance thereof can be 
decreased to about 2 a per square, and th us high speed 
operation can be realized by controlling the gate delay 

10 of the CMOS circuit. 

[0069] Thereafter, the photoresist film 14 used for 
processing the gate electrodes 15n and 15p is removed 
by an ashing treatment, and then a dry etching residue 
and an ashing residue remaining on the surface of the 

15 semiconductor substrate 1 are removed by using an 
etching solution such as hydrofluoric acid. After con- 
ducting such wet etching, as shown in Fig. 8, the gate 
oxide film 9 in the region other than that under the gate 
electrode 15n (the same as in the gate electrode 15p) 

2Q is thinned so that the thickness thereof is decreased to 
about a half of that before the etching, and at the same 
time, the gate oxide film 9 under the side wall of the gate 
is also isotropically etched to form undercut. Therefore, 
problems occur as it stands, such as decrease in resist- 

25 ing voltage of the gate electrodes 1 5n and 1 5p. In order 
to compensate and regenerate the gate oxide film 9 that 
has been cut by the wet etching, a re-oxidation (light 
oxidation) treatment is conducted according to the fol- 
lowing method. With respect to the light oxidation treat- 
so ment. detailed descriptions are found in Japanese Pat- 
ent Application No. 9-142315 (corresponding to U.S. 
Application No. 09/086,568 filed on May 29, 1998). 
[0070] Fig. 9A is a schematic plan view showing an 
example of a specific constitution of a single wafer 

35 processing oxidation furnace used for the light oxidation 
process, and Fig. 9B is a cross sectional view taken on 
line B-B' in Fig. 9A. 

[0071 ] Th e s in gle wafer process in g oxidation furnace 
100 comprises a chamber 101 constituted by a multiple 

40 wall quartz tube, which has heaters 102a and 102b for 
heating a semiconductor wafer 1 A at an upper part and 
a lower part thereof, respectively. A heat flattening ring 
103 having a disk shape that uniformly disperse heat 
supplied from the heaters 102a and 102b to the hole 

45 surface of the semiconductor wafer 1 A is installed in the 
chamber 101, and a susceptor 104 horizontally holding 
the semiconductor wafer 1 A is provided at an upper part 
thereof. The heat flattening ring 103 is constituted by a 
heat resistant material such as quartz and SIC (silicon 

50 carbide) and supported by a supporting arm 1 05 extend- 
ing from a wall of the chamber 101. A thermoelectric 
couple 106 for measuring the temperature of the semi- 
conductor wafer 1 A supported by the susceptor 104 is 
provided in the vicinity of the heat flattening ring 103. 

55 The heating of the semiconductor wafer 1 A may be con- 
ducted, for example, by an RTA (rapid thermal anneal- 
ing) method using a halogen lamp 107 as shown in Fig. 
10, as well as the heating method using the heaters 
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102a and 102b. 

[0072] One end of a gas introducing conduit 108 for 
introducing a steam/hydrogen mixed gas and a purge 
gas into the chamber 101 is connected to a part of the 
wall of the chamber 101. To the other end of the gas s 
introducing conduit 108, a gas generating device of a 
catalyst type described later is connected. A partition 
110 having numerous through holes 109 is provided in 
the vicinity of the gas introducing conduit 108, and the 
gas introduced into the chamber 1 01 is uniformly spread 10 
throughout the chamber 101 passing through the 
through holes 109 of the partition 110. One end of an 
exhausting conduit 111 for evacuating the gas intro- 
duced into the chamber 101 is connected to the other 
part of the wall of the chamber 101. is 
[0073] Fig. 1 1 is a schematic diagram showing a de- 
vice for generating a steam/hydrogen mixed gas of a 
catalyst type connected to the chamber 101 of the single 
wafer processing oxidation furnace 100. Fig. 12 is a di- 
agram showing a conduit system of the gas generating 20 
device. The gas generating device 140 comprises a re- 
actor 141 constituted by a heat resistant and corrosion 
resistant alloy (for example, an Ni alloy known as 
"HastelloyV a trade name), and a coil 142 comprising a 
catalyst metal, such as Pt (platinum), Ni (nickel) or Pd 25 
(palladium), and a heater 143 heating the coil 142 are 
installed inside the reactor. 

[0074] A process gas comprising hydrogen and oxy- 
gen, and a purge gas comprising an inert gas, such as 
nitrogen or Ar (argon) are introduced into the reactor 141 30 
from gas storage tanks 144a, 144b and 144c through a 
conduit 1 45. Mass flow controllers 1 46a, 1 46b and 1 46c 
for controlling the amounts of the gases and switching 
valves 147a, 147b and 147c are provided between the 
gas storage tanks 1 44a, 1 44b and 1 44c and the conduit 35 
145, to precisely control the amounts and compositional 
ratio of the gases introduced into the reactor 141 . 
[0075] The process gas (hydrogen and oxygen) intro- 
duced into the reactor 141 is excited by contacting with 
the coil 1 42 heated to a temperature of about from 350 40 
to 450° C, so that a hydrogen radical is formed from a 
hydrogen molecule (H 2 -» 2H*), and an oxygen radical 
is formed from an oxygen molecule (0 S! 20*). The two 
kinds of radicals are extremely chemically active, and 
thus rapidly react to form water (2H* + O* H 2 0). Thus, 45 
a steam/hydrogen mixed gas is formed by introducing 
a process gas containing hydrogen in an amount in ex- 
cess of the molar ratio forming water (steam) (hydrogen/ 
oxygen = 2/1) into the reactor 141. The mixed gas is 
mixed with hydrogen supplied from a dilution line 148 so 
shown in Fig. 1 2 to adjust to a steam/hydrogen mixed 
gas having a desired moisture concentration, and then 
introduced into the chamber 101 of the single wafer 
processing oxidation furnace 100 through the gas intro- 
ducing conduit 108. The mixed gas may be introduced ss 
into the chamber 101 after diluting with an inert gas, 
such as nitrogen and argon, to a suitable concentration. 
The pressure of the mixed gas may be arbitrarily set 



within the range of from several tens Torr to several atm. 
[0076] Because the gas generating device 140 of a 
catalyst type can precisely control the amounts of hy- 
drogen and oxygen participating in the formation of wa- 
ter and their ratio, the steam concentration in the steam/ 
hydrogen mixed gas introduced into the chamber 101 
can be precisely controlled within a wide range of from 
an extremely low concentration of a ppm order to a high 
concentration of several tens percent. Because water is 
instantaneously formed when the process gas is intro- 
duced into the reactor 1 41 . a steam/hydrogen mixed gas 
having a desired steam concentration can be obtained 
in a real-time manner. By using such a manner, because 
inclusion of foreign matters is suppressed as the mini- 
mum, a clean steam/hydrogen mixed gas can be intro- 
duced into the chamber 101 . 

[0077] The catalyst metal in the reactor 1 41 is not lim- 
ited to the metals described above, as far as it can form 
radicals from hydrogen and oxygen. The catalyst metal 
may be used as working into a coil form, and it may be 
worked into a hollow tube or a fine fibrous filter, through 
which the process gas may be passed. 
[0078] Fig. 1 3 is a graph showing the dependency of 
the equilibrium vapor pressure ratio (Ph2c/ p H2) °* toe 
redox reaction using the steam/hydrogen mixed gas on 
the temperature, in which the curves (a) to (e) in the fig- 
ure indicate the equilibrium vapor pressure ratios of W, 
Mo, Ta (tantalum), Si and Ti, respectively. 
[0079] As shown in the figure, only Si (the semicon- 
ductor substrate 1 and the polycrystalline silicon films 
10n and 10p) can be selectively oxidized without oxidiz- 
ing the W film 12 constituting the gate electrodes 15n 
and 15p and the WN film 11 as a barrier layer by such 
a manner that the steam/hydrogen partial pressure ratio 
of the steam/hydrogen mixed gas introduced into the 
chamber 101 of the single wafer processing oxidation 
furnace 100 is set within the range of the region between 
the curve (a) and the curve (d). Furthermore, as shown 
in the figure, the oxidation rate is increased by increas- 
ing the steam concentration in the steam/hydrogen 
mixed gas in all the cases of the metals (W, Mo, Ta and 
Ti) and Si. That is, by increasing the steam concentra- 
tion in the steam/hydrogen mixed gas, Si can be selec- 
tively oxidized in a shorter period of time. 
[0080] Similarly, in the case where the refractory met- 
al part of the gate electrodes 1 5n and 1 5p is constituted 
by an Mo film, only Si can be selectively oxidized without 
oxidizing the Mo film by such a manner that the steam/ 
hydrogen partial pressure ratio is set within the range of 
the region between the curve (b) and the curve (d). In 
the case where a part of the gate electrodes 15n and 
1 5p is constituted by a Ta film, only Si can be selectively 
oxidized without oxidizing the Ta film by such a manner 
that the steam/hydrogen partial pressure ratio is set 
within the range of the region between the curve (c) and 
the curve (d). 

[0081] On the other hand, because Ti exhibits higher 
oxidation rate than Si in the steam/hydrogen mixed gas 
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as shown in the figure : in the case where the metal part 
of the gate electrodes 15n and 15p is constituted by a 
Ti film or the barrier layer is constituted by a TIN film, 
even though only Si (the semiconductor substrate 1 and 
the polycrystalline silicon films 10n and 10p) is tried to 
be selectively oxidized, the Ti film and the TiN film are 
simultaneously oxidized to cause peeling of the gate 
electrode. 

[0082] Fig. 1 4 is a graph showing the relationship be- 
tween the oxidation processing time using the steam/ 
hydrogen mixed gas and the film thickness of the silicon 
oxide. As shown in the figure, the film thickness of the 
silicon oxide is increased in substantially proportional to 
the oxidation time, but in the case where the moisture 
concentration is 0%, the film thickness is not increased 
even when the oxidation time is increased. 
[0083] Figs. 15 and 16 are graphs showing the rela- 
tionship between the oxidation temperature and the ox- 
idation time for obtaining a certain oxide film thickness 
(2, 3, 4 and 5 mm) in the case where the moisture con- 
tent of the steam/hydrogen mixed gas is 10% and 1 5%. 
As shown in the figures, the oxidation time required to 
obtain the certain oxide film thickness is shortened in 
proportional to the oxidation temperature. 
[0084] Fig. 17 is a graph showing the relationship be- 
tween the temperature on subjecting the gate electrode, 
which is formed by doping a polycrystalline silicon film 
having a film thickness of 100 nm formed on a silicon 
oxide film having a film thickness of 3.5 nm with B (bo- 
ron) in a condition of an implantation energy of 5 keV 
and a dose amount of 4 x 10 15 per square centimeter, 
to the heat treatment and Vpe (which is substantially 
equivalent to V^). As shown in the figure, when the heat 
treatment temperature exceeds 850°C, V FB is rapidly in- 
creased due to the amount of B (boron) diffusing into 
the substrate through the silicon oxide film being rapidly 
increased. 

[0085] In order to conduct the light oxidation process 
to compensate and regenerate the gate oxide film 9 in 
such a low thermal load condition that only Si (the sem- 
iconductor substrate 1 and the polycrystalline silicon 
films 1 0n and 1 0p) is selectively oxidized without oxidiz- 
ing the W film 12 constituting a part of the gate elec- 
trodes 1 5n and 1 5p and the WN film 1 1 as a barrier layer, 
and B (boron) contained in the p-type polycrystalline sil- 
icon film I0p constituting a part of the gate electrode 
15p is not diffused into the semiconductor substrate 1 
(the n-type well 8) through the gate oxide film 9, the heat- 
ing temperature of the semiconductor wafer 1 A is set in 
a range of from 650°C, which is the lowest temperature 
of not deteriorating the quality of the silicon oxide film, 
to 900°C, at which the surface roughening of the semi- 
conductor wafer 1A is liable to occur, preferably in a 
range of from 750 to 900°C, and more preferably at 
about 850°C, which is the highest temperature capable 
of suppressing diffusion of B (boron) into the substrate, 
and the moisture concentration of the steam/hydrogen 
mixed gas at this time is set in a range of from 1 % (about 



1% in the partial pressure representation as shown in 
Fig. 13) : which is the practical lowest concentration ca- 
pable of growing the silicon oxide film, to the upper limit 
of the moisture concentration, at which the oxidation 

5 proceeds by the redox reaction, and in particular when 
the heating temperature of the semiconductor wafer 1 A 
is set about 850° C, the moisture concentration is pref- 
erably set about 30% (43% in the above-ment toned par- 
tial pressure representation) or more to make the redox 

io reaction rate large, and more preferably it is set about 
50% (100% in the partial pressure representation), 
which is the highest value of the moisture concentration, 
i.e., the thermodynamic maximum moisture concentra- 
tion under that temperature condition (see Fig. 13). 

is [0086] The moisture concentration in the invention is 
expressed by a percentage of the moisture partial pres- 
sure in the whole atmospheric pressure, or a percentage 
(i.e., partial pressure representation) where the hydro- 
gen partial pressure is the denominator and the mois- 

20 ture partial pressure is the numerator as shown in Fig. 
1 3. In the case where dilution is conducted by using an 
inert component, such as argon and helium, it does not 
contribute to the redox reaction at all or the contribution 
is as small as it can be ignored. In the examples of the 

25 invention, any gas component other than hydrogen and 
moisture is not added to the processing atmosphere un- 
less otherwise indicated. 

[0087] The suitable moisture concentration in the re- 
gion of a not so high temperature is apart from the critical 

30 region to some extent as shown in Fig. 1 3, and in many 
cases is about from 5 to 30% (from 5.3% to 43% in the 
partial pressure representation), and more preferably 
from 8 to 25% (from 8.7% to 33% in the partial pressure 
representation), because of reasons, such as guarantee 

35 of stable process conditions. 

[0088] That is, when the heat treatment after the dop- 
ing of boron is conducted at such a relatively high mois- 
ture concentration, the effect of preventing the leakage 
of boron, in which boron is diffused to the channel region 

40 through the gate insulating film contrary to the intent, is 
large. 

[0089] An example of a sequence of the light oxidation 
process using the single wafer processing oxidation fur- 
nace 100 will be described with reference to Fig. 18. 

46 [0090] The chamber 1 01 of the single wafer process- 
ing oxidation furnace 100 is opened, and the semicon- 
ductor wafer 1 A, which has been subjected to the proc- 
ess of the gate electrodes 15n and 15p, is loaded onto 
the susceptor 104 with introducing a purge gas (nitro- 

so gen) into the chamber. Thereafter, the chamber 101 is 
closed, and the purge gas is further continuously intro- 
duced to thoroughly conduct gas replacement inside the 
chamber 101. The susceptor 104 is heated with the 
heaters 102a and 102b (for example, to about 850°C), 

ss so that the semiconductor wafer 1 A is rapidly heated. 
[0091] Hydrogen is then introduced into the chamber 
101 to discharge nitrogen. A nitrification reaction that is 
not intended may occur when nitrogen remains in the 
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chamber 101 , and thus in the case where the gate oxide 
film is not intended to make thick as possible, it is pre- 
ferred to completely discharge nitrogen. (In the atmos- 
phere of the following light oxidation process, it is not 
need to say that an inert gas such as argon, oxygen and 
nitrogen may be added, as well as hydrogen and mois- 
ture.) 

[0092] Subsequently, oxygen and excess hydrogen 
are introduced into the reactor 141 of the gas generating 
device 140, and a steam/hydrogen mixed gas contain- 
ing water formed from oxygen and hydrogen with the 
catalytic function (having a moisture concentration of 
about 50%, for example) is introduced into the chamber 
101 to oxidize the surface of the semiconductor wafer 
1 A for a prescribed period of time. Accordingly, the gate 
oxide film 9 that has been thinned by the wet etching is 
re-oxidized, and the profile at the edge part of the side 
wall of the gate electrodes 15n and 15p that has been 
undercut, as shown in Fig. 1 9A, is improved. That is, as 
shown in Fig. 1 9B in an enlarged form, at the edge part 
of the side wall of the gate electrodes 15n and 15p, a 
sharp edge formed by etching is removed to be rounded 
to decrease the concentration of the electric field. 
[0093] Similarly, as understood from Figs. 19A and 
1 9B. at the edge part and the side part of the polysilicon 
electrode constituting the gate electrode, a part of ther- 
mal oxidized film having a small curvature radius is dis- 
appeared by the additional thermal oxidation, or it is 
changed to one having a large curvature radius. Accord- 
ingly, the concentration of the electric field at the edge 
part of the gate that is not intended is relaxed. 
[0094] When the light oxidation is conducted for a long 
period of time, the oxide film thickness in the vicinity of 
the edge part of the gate electrode becomes unneces- 
sarily thick, so that an offset is formed at the edge part 
ol the gate electrode, and the threshold voltage (V m ) of 
the MOSFET deviates from the designed value. Further- 
more, a problem in that a pari of B (boron) contained in 
the p-type polycrystalline silicon film 10p constituting a 
part of the gate electrode 1 5p is liable to be diffused into 
the substrate (the n-type well 8) arises, and a problem 
in that the effective channel length becomes shorter 
than the processed value of the gate electrodes 1 5n and 
15p arises. 

[0095] In particular, in a fine MOSFET having a gate 
length of about 0.18 jxm, the allowable thinning amount 
of the gate processed dimension from the designed val- 
ue is strictly limited from the standpoint of design of an 
element. This is because when the thinning amount is 
slightly increased, the threshold voltage is rapidly de- 
creased due to the short channel effect. In the case of 
the gate electrode having a gate length of about 0.18 
urn, since the thickness of the gate oxide film is about 
3.5 nm, it is considered that it is the limit of not causing 
rapid decrease of the threshold voltage that the edge 
part of the side wall of the polycrystalline silicon film con- 
stituting the gate electrode is oxidized to about 1 nm by 
the light oxidation process. Therefore, the oxide film 



thickness that is grown by the light oxidation is prefera- 
bly has an upper limit of about 50% increase from the 
gate oxide film thickness. 

[0096] Thereafter, a purge gas (nitrogen) is intro- 
5 duced into the chamber 101 to discharge the steam/hy- 
drogen mixed gas, followed by opening the chamber 
101 , and the semiconductor wafer 1 A is unloaded from 
the susceptor 104 with introducing the purge gas into 
the chamber, so as to complete the light oxidation proc- 
io ess. 

[0097] The CMOS process after the light oxidation 
process will be briefly described below. As shown in Fig. 
20, the p-type well 7 is subjected to ion implantation of 
an n-type impurity, such as P (phosphorous), to form an 

'is n"-type semiconductor region 16 in the p-type well 7 on 
both sides of the gate electrode 1 5n, and the n-type well 
8 is subjected to ion implantation of a p-type impurity, 
such as B (boron), to form a pMype semiconductor re- 
gion 17 in the n-type well 8 on both sides of the gate 

20 electrode 1 5p, followed by accumulating a silicon nitride 
film 18 having a film thickness of about 100 nm on the 
semiconductor substrate 1 by a CVD method. 
[0098] Then, as shown in Fig. 21 , the p-type well 7 is 
subjected to ion implantation of an n-type impurity, such 

25 as As (arsenic), to form an n + -type semiconductor re- 
gion 20 (source and drain) of the n-channel MISFET, 
and the n-type well 8 is subjected to ion implantation of 
a p-type impurity such as B (boron), to form an p + -type 
semiconductor region 21 (source and drain) of the p- 

30 channel MISFET. An n-channel MISFET Qn and a p- 
channel MISFET Qp of a dual gate structure are com- 
pleted until this step. 

[0099] Then, as shown in Fig. 22, a silicon oxide film 
22 is accumulated on the semiconductor substrate 1 by 

35 a CVD method, and after flattening its surface by a 
chemical mechanical polishing method, the silicon oxide 
film 22 above the n + -type semiconductor region 20 
(source and drain) and the p + -type semiconductor re- 
gion 21 (source and drain) is removed by dry etching 

40 using a photoresist film as a mask. The etching is con- 
ducted in such a condition that the etching rate of the 
silicon oxide film 22 is large with respect to the silicon 
nitride films 1 3 and 1 9, so that the silicon nitride film 1 8 
above the nMype semiconductor region 20 (source and 

45 drain) and the p + -type semiconductor region 21 (source 
and drain) is not removed. 

[0100] Then, the silicon nitride film 18 and the gate 
oxide film 9 above the n + -type semiconductor region 20 
(source and drain) and p + -type semiconductor region 21 

50 (source and drain) is removed, so that a contact hole 23 
is formed above the n + -type semiconductor region 20 
(source and drain), and a contact hole 24 is formed 
above the p + -type semiconductor region 21 (source and 
drain). In order to minimize the thinning amount of the 

55 semiconductor substrate 1 , the etching is conducted in 
such a manner that the overetching amount is limited to 
the necessary minimum, and an etching gas that can 
provide a large selectivity with respect to the semicon- 
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ductor substrate 1 (silicon) is used. The etching is also 
conducted in such a condition that the silicon nitride film 
19 is anisotropically etched, so that the silicon nitride 
film 18 remains on the side wall of the gate electrodes 
15n and 15p. Accordingly, the contact hole 23 and con- 
tact hole 24 are formed with respect to the gate elec- 
trode 15n and the gate electrode 15p, respectively, in a 
self matching manner. 

[0101] Then, as shown in Fig. 23, interconnections 25 
to 30 are formed by patterning a W film formed on the 
silicon oxide film 22, to complete a CMOS LSI of this 
embodiment. 

[0102] While the invention achieved by the inventors 
has been specifically described with reference to the 
embodiments thereof, the invention is not construed as 
being limited to the embodiments, but various changes 
can be made without deviating from the substance 
thereof. 

[0103] For example, as shown in Fig. 24, the light ox- 
idation process of the gate oxide film can be conducted 
by using a batch processing vertical oxidation furnace 
150 having connected thereto a steam/hydrogen mixed 
gas generating device 140 of a catalyst type as de- 
scribed above. In the case where the batch processing 
vertical oxidation furnace 150 of this type is used, an 
oxidation furnace equipped with a temperature increas- 
ing/decreasing system is preferably used. An example 
of a sequence of the light oxidation process using the 
batch processing vertical oxidation furnace 150 is 
shown in Fig. 25. 

[0104] While the embodiment is described with the 
case where a gate electrode having a polymetal struc- 
ture is processed, the light oxidation process of the in- 
vention can be applied to a gate electrode having a poly- 
cide structure, in which a refractory metal film, such as 
a tungsten silicide, is laminated on a poJycrystalline sil- 
icon film doped with boron. 

[01 OS] The effect obtained from the representative 
embodiments of the invention will be briefly described 
below. 

[0106] According to the invention, in a CMOS LSI em- 
ploying a polymetal gate structure and a dual gate struc- 
ture, both oxidation of a refractory metal film constituting 
a part of the gate electrode, and diffusion of boron con- 
tained in a p-type poly crystalline silicon film constituting 
a part of the gate electrode through a gate oxide film can 
be suppressed. Accordingly, the reliability and the pro- 
duction yield of a CMOS LSI constituted by a fine MOS- 
FET having a short gate length can be improved. In par- 
ticular, the effect described above is remarkable in the 
case of a CMOS LSI constituted by a fine MOSFET hav- 
ing a gate length of 0. 18 jim or less. 
[0107] Explanation of items in the drawings: 

1 semiconductor substrate 
1 A semiconductor wafer 

2 silicon oxide film (pad oxide film) 

3 silicon nitride film 



4 element isolation groove 
4a groove 

5 silicon oxide film 

6 silicon oxide film 
s 7 p-type well 

8 n-type well 

9 gate oxide film 
10n n-type polycrystalline silicon film 
10p p-type polycrystalline silicon film 

11 WNfilm 

12 Wfilm 

13 silicon nitride film 

14 photoresist film 
15n gate electrode 
1 5p gate electrode 

16 n*-type semiconductor region 

17 p^-type semiconductor region 

18 silicon nitride film 

20 n + -type semiconductor region (source 
and drain) 

21 p + -type semiconductor region (source 
and drain) 

22 silicon oxide film 

23 contact hole 

24 contact hole 

25 to 30 first layer interconnection 

100 single wafer processing oxidation fur- 
nace 

101 chamber 
102a ; 102b heater 

103 heat flattening ring 

104 susceptor 

105 supporting arm 

106 thermoelectric couple 

107 halogen lamp 

108 gas introducing conduit 

109 through hole 

1 1 0 partition 

1 1 1 exhausting conduit 

1 40 gas generating device 

141 reactor 

142 coil 

143 heater 
1 44a to 1 44c gas storage tank 
145 conduit 
1 46a to 1 46c mass flow controller 
1 47a to 1 47c switching valve 
148 dilution line 
On n-channei MISFET 
Op p-channel MISFET 



Claims 

1 . A process for producing a semiconductor integrated 
circuit device comprising the steps of: 

(a) forming a polycrystalline silicon film over a 
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gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer, 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 
con film directly or via a barrier layer; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film and said refractory 
metal film; and 

(d) after said step (c), subjecting said silicon 
surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
to a thermal oxidation treatment in a mixed gas 
atmosphere containing a hydrogen gas and 
steam. 

2. A process for producing a semiconductor integrated 
circuit device as claimed in claim 1 , wherein said 
barrier layer contains a tungsten nitride film. 

3. A process for producing a semiconductor integrated 
circuit device as claimed in claim 2, wherein said 
thermal oxidation treatment in said step (d) is con- 
ducted in a condition in that said refractory metal 
film and said barrier layer are substantially not oxi- 
dized. 

4. A process tor producing a semiconductor integrated 
circuit device as claimed in claim 1, wherein said 
gate insulating film contains a silicon oxinitride film. 

5. A process for producing a semiconductor integrated 
circuit device comprising the steps of: 

(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film over said 
polycrystalline silicon film directly or via a bar- 
rier layer; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film and said refractory 
metal film; and 

(d) after said step (c), subjecting said silicon 
surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
to a thermal oxidation treatment in a mixed gas 
atmosphere containing a hydrogen gas and 
steam. 

6. A process for producing a semiconductor integrated 
circuit device as claimed in claim 5, wherein said 
barrier layer is inserted between said polycrystalline 
silicon film and said refractory metal film. 



7. A process for producing a semiconductor integrated 
circuit device as claimed in claim 6 : wherein said 
thermal oxidation treatment in said step (d) is con- 
ducted in a condition in that said refractory metal 

s film and said barrier layer are substantially not oxi- 
dized. 

8. A process for producing a semiconductor integrated 
circuit device comprising the steps of: 

10 

(a) forming a first conductive film mainly com- 
prising a polycrystalline silicon film over a sili- 
con surface of a major surface of a semicon- 
ductor wafer: 

*5 (b) forming a refractory metal film over said first 

conductive film directly or via a barrier layer; 
(c) forming a gate electrode by patterning said 
first conductive film and said refractory metal 
film; and 

20 (d) after said step (c), subjecting said silicon 

surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
to a thermal oxidation treatment in a mixed gas 

25 atmosphere containing a hydrogen gas and 

steam synthesized from an oxygen gas and a 
hydrogen gas. 

9. A process for producing a semiconductor integrated 
30 circuit device as claimed in claim 8, wherein said 

thermal oxidation treatment in said step (d) is con- 
ducted in a condition in that said refractory metal 
film is substantially not oxidized. 

35 10. A process for producing a semiconductor integrated 
circuit device having a dual gate CMOS comprising 
the steps of: 

(a) forming a polycrystalline silicon film over a 
40 gate insulating film containing a silicon oxide 

film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 

45 con film via a barrier layer containing tungsten 

nitride; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film, said barrier layer 
and said refractory metal film; and 

5° (d) after said step (c), subjecting said silicon 

surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
to a thermal oxidation treatment in a mixed gas 

55 atmosphere containing a hydrogen gas and 

steam. 

11. A process for producing a semiconductor integrated 
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12. 



circuit device having a dual gate CMOS comprising 
the steps of: 

(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide s 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 
con film via a barrier layer containing tungsten 10 
nitride; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film, said barrier layer 
and said refractory metal film; and 

(d) after said step (c), subjecting said silicon is 
surface and said polycrystalline silicon film 
doped with boron to a thermal oxidation treat- 
ment in a mixed gas atmosphere having an ox- 
idative property and a reducing property to sil- 
icon and polycrystalline silicon so as substan- 20 
tialiy not to oxidize said refractory metal film. 



A process for producing a semiconductor integrated 
circuit device having a dual gate CMOS comprising 
the steps of: 



25 



(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 30 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 
con film directly or via a barrier layer; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film and said refractory 35 
metal film; and 

(d) after said step (c), subjecting said silicon 
surface and said polycrystalline silicon film 
doped with boron to a thermal oxidation treat- 
ment in a mixed gas atmosphere having an ox- 40 
idative property and a reducing property to sil- 
icon and polycrystalline silicon so as substan- 
tially not to oxidize said refractory metal film. 



45 



1 3. A process for producing a semiconductor integrated 
circuit device having a dual gate CMOS comprising 
the steps of: 



(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide so 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 
con film via a barrier layer containing tungsten ss 
nitride; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film, said barrier layer 



and said refractory metal film; and 
(d) after said step (c), subjecting said silicon 
surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
to a thermal oxidation treatment in a mixed gas 
atmosphere containing a hydrogen gas and 
steam so as substantially not to oxidize said re- 
fractory metal film, whereby compensating said 
silicon film under said edge part of said gate 
electrode that has been etched on patterning in 
said step (c). 

14. A process for producing a semiconductor integrated 
circuit device having a dual gate CMOS comprising 
the steps of: 

(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 
con film via a barrier layer containing tungsten 
nitride; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film, said barrier layer 
and said refractory metal film; and 

(d) after said step (c), subjecting said silicon 
surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
to a thermal oxidation treatment in a mixed gas 
atmosphere containing a hydrogen gas and 
steam synthesized from an oxygen gas and a 
hydrogen gas so as substantially not to oxidize 
said refractory metal film, whereby compensat- 
ing said silicon film under said edge part of said 
gate electrode that has been etched on pattern- 
ing in said step (c). 

15. A process for producing a semiconductor integrated 
circuit device comprising the steps of: 

(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film mainly com- 
prising tungsten over said polycrystalline sili- 
con film directly or via a barrier layer; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film and said refractory 
metal film; and 

(d) after said step (c), subjecting said silicon 
surface and said polycrystalline silicon film 
doped with boron positioned in a part corre- 
sponding to an edge part of said gate electrode 
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to a thermal oxidation treatment in a mixed gas 
atmosphere containing a hydrogen gas and 
steam synthesized from an oxygen gas and a 
hydrogen gas. 

5 

16. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a silicon oxide film formed over a silicon sur- 
face of a first major surface of a semiconductor in- 
tegrated circuit wafer, having thereover a polycrys- 10 
talline silicon film doped with boron and a refractory 
metal film laminated over said polycrystalline silicon 
film directly or via a barrier layer wherein said gate 
insulating film is formed beyond an edge part of said 
polycrystalline silicon film constituting a part of said 1£ 
gate electrode. 

17. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a thermal oxide film over a silicon surface of 20 
a first major surface of a semiconductor integrated 
circuit wafer, having thereover a polycrystalline sil- 
icon film doped with boron and a refractory metal 
film laminated over said polycrystalline silicon film 
directly or via a barrier layer, wherein in said gate 25 
insulating film, the thickness of said thermal oxide 
film formed under an edge part of said gate elec- 
trode is larger than the thickness of said thermal ox- 
ide film lormed under a central part of said gate 
electrode. 30 

18. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a silicon oxide film formed over a silicon sur- 
face of a first major surface of a semiconductor in- 35 
tegrated circuit wafer, having thereover a polycrys- 
talline silicon film doped with boron and a refractory 
metal film laminated over said polycrystalline silicon 
film directly or via a barrier layer, wherein said sili- 
con oxide film formed under an edge part of said 40 
gate electrode has such a round shape that pre- 
vents concentration of an electric field. 

19. A semiconductor integrated circuit having a dual 
gate CMOS comprising a gate insulating film con- 
taining a silicon oxide film formed over a silicon sur- 
face of a first major surface of a semiconductor in- 
tegrated circuit wafer, having thereover a polycrys- 
talline silicon film doped with boron and a refractory 
metal film laminated over said polycrystalline silicon so 
film directly or via a barrier layer, wherein an edge 
part and a lower surface of said polycrystalline sili- 
con film constituting a part of said gate electrode 
are covered with said thermal oxide film. 

55 

20. A semiconductor integrated circuit device as 
claimed in claim 19, wherein said gate insulating 
film contains a silicon oxinitride film. 



21 . A process for producing an integrated circuit device 
comprising the steps of: 

(a) forming a first region mainly comprising sil- 
icon doped with boron over a first insulating film 
over a first major surface of a semiconductor 
wafer; and 

(b) conducting a thermal oxidation treatment to 
said first region in a mixed gas atmosphere con- 
taining a hydrogen gas and steam in a condition 
in that a refractory metal region on said first ma- 
jor surface is substantially not oxidized. 

22. A process for producing an integrated circuit device 
as claimed in claim 21 , wherein said refractory met- 
al region is formed over said first region. 

23. A process for producing an integrated circuit device 
as claimed in claim 22, wherein said mixed gas at- 
mosphere contains a nitrogen gas. 

24. A process for producing an integrated circuit device 
as claimed in claim 23, wherein said doping of boron 
is conducted by implantation of an ion into said first 
region. 

25. A process for producing a semiconductor integrated 
circuit device having a dual gate CMOS comprising 
the steps of: 

(a) forming a polycrystalline silicon film over a 
gate insulating film containing a silicon oxide 
film formed over a silicon surface of a major sur- 
face of a semiconductor wafer; 

(b) forming a refractory metal film over said 
polycrystalline silicon film via a barrier layer; 

(c) forming a gate electrode by patterning said 
polycrystalline silicon film, said barrier layer 
and said refractory metal film; and 

(d) after said step (c), subjecting said polycrys- 
talline silicon film to a thermal oxidation treat- 
ment in a mixed gas atmosphere containing a 
hydrogen gas and steam and having a moisture 
concentration in a range of from 5% to such a 
maximum concentration that said refractory 
metal film is substantially not oxidized. 

26. A process for producing a semiconductor integrated 
circuit device having a dual gate CMOS as claimed 
in claim 25, wherein the moisture concentration of 
said mixed gas atmosphere is from 8 to 25% (from 
8.7% to 33% in the partial pressure representation). 
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FIG. 3 
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FIG. 10(a) 
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FIG. 19(a) 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a p-type semiconductor element with 
which the surface of a polysilicon layer can be oxidized 
selectively and, in addition, can suppress the threshold 
voltage fluctuation of a semiconductor element caused 
by post-oxidation as much as possible, when the post- 
oxidation is performed on a gate electrode having a 
polymetal structure. 

SOLUTION: A method for manufacturing a p-type 
semiconductor element includes (A) a step of forming a 
gate insulating film 22 on the surface of a semiconductor 
layer, (B) a step of forming a gate electrode 22 
composed of a silicon layer 23A containing a p-type 
impurity and a metallic layer 23C laminated upon the 
layer 23A (B), and (C) a step of forming an oxide film 24 
on the exposed surface of the silicon layer 23A by 
exposing the gate electrode 23 to steam and a hydrogen 
gas produced by having upon oxygen gas and the 
hydrogen gas irradiated with electromagnetic wave, and 
in addition, suppressing the oxidation of the metallic layer 23C 
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